(1?) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(ID EP 0 795 679 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
15.05.2002 Bulletin 2002/20 

(21) Application number: 97301356.8 

(22) Date of filing: 28.02.1997 



(51) Int CI 7: E21B 43/30, E21B7/06, 
E21B 33/10, E21B 43/10 



(54) Method and apparatus for establishing branch wells at a node of a parent well 

Verfahren und Vorrichtung zur Feststellung eines Abzweigstuckes an einem Knoten eines 
Hauptbohrloches 

Procede et dispositif pour etablir des branchements sur le noeud d'un puits principal 



(84) Designated Contracting States: 


(72) Inventor: Ohmer, Herve 


DE FR GB IT NL 


Houston, Texas 77079 (US) 


(30) Priority: 11.03.1996 US 13227 


(74) Representative: Macquet, Christophe et al 


27.08.1996 US 25033 


Schlumberger Cambridge Research Ltd, 


11.02.1997 US 798591 


High Cross, 


(43) Date of publication of application: 


Madingley Road 


Cambridge CB3 0EL (GB) 


17.09.1997 Bulletin 1997/38 




(56) References cited: 


(60) Divisional application: 


EP-A- 0 310 215 FR-A- 2 704 898 


01203040.9/1 158137 


US-A- 2 397 070 US-A- 3 330 349 




US-A- 5 330 007 US-A- 5 388 648 


(73) Proprietors: 


US-A- 5 462 1 20 US-A- 5 494 1 06 


• Anadrill International SA 




Panama City (PA) 




Designated Contracting States: 




DE GB IT NL 




• SERVICES PETROLIERS SCHLUMBERGER 




75007 Paris (FR) 




Designated Contracting States: 




FR 





GO 

O) 

1^ 
CD 

m 

O) 

o 

Q_ 

LU 



' - "Kpuunwouuii ui me iiieiiuuii ui me graniorine turopean patenx, any person may give 

notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



1 



EP 0 795 679 B1 



2 



Description 

Background of the Invention 
Field of the Invention 

[0001] This invention relates generally to the field of 
wells, particularly to thefield of establishing branch wells 
from a parent hydrocarbon well. More particularly the 
invention relates to establishing multiple branch wells 
from a common depth point, called a node, deep in the 
well. 



Description of the Related Art 

[0002] Multiple wells have been drilled from a com- 
mon location, particularly while drilling from an offshore 
platform where multiple wells must be drilled to cover 
the great expenses of offshore drilling. As illustrated in 
Figures 1 A and 1 B, such wells are drilled through a com- 
mon conductor pipe, and each well includes surface 
casing liners, intermediate casing and parent casing as 
is well known in the field of offshore drilling of hydrocar- 
bon wells. 

[0003] Branch wells are also known in the art of well 
drilling as illustrated in Figure 2. Branch wells are cre- 
ated from the parent well, but necessarily the parent well 
extends below the branching point of the primary well. 
As a result, the branching well is typically of a smaller 
diameter than that of the primary well which extends be- 
low the branching point. Furthermore, difficult sealing 
problems have faced the art for establishing communi- 
cation between the branch well and the primary well. 
[0004] For example, U.S. Patent 5,388,648 describes 
methods relating to well juncture sealing with various 
sets of embodiments to accomplish such sealing. The 
disclosure of the © 648 patent proposes solutions to 
several serious sealing problems which are encoun- 
tered when establishing branches in a well. Such seal- 
ing problems relate to the requirement of ensuring the 
connectivity of the branch casing liner with the parent 
casing and to maintaining hydraulic isolation of the junc- 
ture under differential pressure. 
[0005] U.S. Patent 5,330,007 describes a template 
and process for drilling and completing multiple wells 
from a single parent well. The template disclosed in the 
'007 patent is of the same size as the parent well casing 
and incorporates multiple bores which are oriented at 
slight angles relative to one another. As the template is 
not expandable, the diameters of the multiple wells 
which may be drilled out of the template are collectively 
limited by the diameter of the parent casing. 
[0006] A fundamental problem exists in establishing 
branch wells at a depth in a primary well in that appara- 
tus for establishing such branch wells must be run on 
parent casing which must fit within intermediate casing 
of the well. Accordingly, any such apparatus for estab- 
lishing branch wells must have an outer diameter which 



is essentially no greater than that of that the parent cas- 
ing. Furthermore, it is desirable that when branch wells 
are established, they have as large a diameter as pos- 
sible. Still further, it is desirable that such branch wells 
5 be lined with casing which may be established and 
sealed with the branching equipment with conventional 
casing hangers. 

[0007] An important object of this invention is to pro- 
vide an improved apparatus and method by which mul- 
10 tiple branches con nect to a primary well at a single depth 
in the well. 

Summary of the Invention 

is [0008] These objects and other advantages and fea- 
tures are provided in a method and apparatus for estab- 
lishing multiple branch wells from a parent well. A mul- 
tiple branching sub is provided for deployment in a bore- 
hole by means of a parent casing through a parent well. 

20 The branching sub includes a branching chamber which 
has an open first end of cylindrical shape. The branching 
chamber has a second end to which branching outlet 
members are connected. The first end is connected to 
the parent well casing in a conventional manner, such 

25 as by threading, for deployment to a branching location 
in the parent well. 

[0009] Multiple branching outlet members, each of 
which is integrally connected to the second end of the 
branching chamber, provide fluid communication with 
3( > the branching chamber. Each of the outlet members is 
prefabricated such that such members are in a retracted 
position for insertion of the sub into and down through 
the parent well to a deployment location deep in the well. 
Each of the multiple outlets is substantially totally within 
35 an imaginary cylinder which is coaxial with and of sub- 
stantially the same radius as the first end of the branch- 
ing chamber. The.prefabrication of the outlet members 
causes each outlet member to be transformed in cross- 
sectional shape from a round or circular shape to an ob- 
40 long or other suitable shape such that its outer profile 
fits within the imaginary cylinder. The outer profile of 
each outlet member cooperates with the outer profiles 
of other outlet members to substantially fill the area of 
a cross-section of the imaginary cylinder. As a result, a 
45 substantially greater cross-sectional area of the multiple 
outlet members is achieved within a cross-section of the 
imaginary cylinder as compared with a corresponding 
number of tubular multiple outlet members of circular 
cross-section. 

50 [0010] The multiple outlet members are constructed 
of a material which may be plastically deformed by cold 
forming. A forming tool is used, afterthe multiple branch- 
ing sub is deployed in the parent well, to expand at least 
one of the multiple branching outlet members outwardly 

55 from the connection to the branching chamber. Prefer- 
ably all of the outlet members are expanded simultane- 
ously. Simultaneously with the outward expansion, the 
multiple outlets are expanded into a substantially circu- 
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lar radial cross-sectional shape along their axial extent. 
[0011] After the multiple outlet members which 
branch from the branching chamber are expanded, 
each of the multiple branching outlets are plugged. Next, 
a borehole is drilled through a selected one of the mul- s 
tiple branching outlets. A substantially round liner is pro- 
vided through the selected branching outlet and into the 
branch well. The liner of circular cross-section is sealed 
to the selected branching outlet circular cross-section 
by means of a conventional casing hanger. A borehole io 
and liner is established for a plurality of the multiple 
branching outlets. A downhole manifold is installed in 
the branching chamber. Next multiple branch wells are 
completed. The production of each branch well to the 
parent well is controlled with the manifold. 15 
[0012] The apparatus for expanding an outlet of the 
multiple branching sub includes an uphole power and 
control unit and a downhole operational unit. An electri- 
cal wireline connects the uphole power and control unit 
and the downhole operational unit. The wireline pro- 20 
vides a physical connection for lowering the downhole 
operational unit to the branching sub and provides an 
electrical path for transmission of power and bidirection- 
al control and status signals. 

[0013] The downhole operational unit includes a form- 25 
ing mechanism arranged and designed for insertion in 
at least one retracted branching outlet member of the 
sub (and preferably into all of the outlet members at the 
same time) and for expanding the outlet member out- 
wardly from its imaginary cylinder at deployment. Pref- 30 
erably each outlet member is expanded outwardly and 
expanded to a circular radial cross-section simultane- 
ously. The downhole operational unit includes latching 
and orientation mechanisms which cooperate with cor- 
responding mechanisms of the sub. Such cooperating 35 
mechanisms allow the forming mechanism to be radially 
oriented within the multiple branching sub so that it is 
aligned with a selected outlet of the sub and preferably 
with ail of the outlets of the sub. The downhole opera- 
tional unit includes a hydraulic pump and a head having 40 
hydraulic fluid lines connected to the hydraulic pump. 
The forming mechanism includes a hydraulically pow- 
ered forming pad. A telescopic link between each form- 
ing pad and head provides pressurized hydraulic fluid 
to the forming pads as they move downwardly while ex- *s 
panding the outlet members. 

Brief Description of the Drawings 

[0014] The objects, advantages and features of the so 
invention will become more apparent by reference to the 
drawings which are appended hereto and wherein an 
illustrative embodiment of the invention is shown, of 
which: 

55 

Figures 1A and 1B illustrate a prior art triple liner 
packed in a conductor casing termination in which 
the outlet members are round during installation 



and are packed to fit within the conductor casing; 
Figure 2 illustrates a prior art parent or vertical well 
and lateral branch wells which extend therefrom; 
Figures 3A, 3B, and 3C illustrate a three outlet 
branching sub according to the present invention 
where Figure 3A is a radial cross-section through 
the branching outlets of the sub, with one outlet 
completely in a retracted position, with another out- 
let in a position between its retracted position and 
its fully expanded position, and the third outlet being 
in a fully expanded position, and where Figure 3B 
is a radial cross-section through the branching out- 
lets of the sub with each of the outlets fully expand- 
ed after deployment in a parent well, and Figure 3C 
is an axial cross-section of the branching sub show- 
ing two of the branching outlets fully expanded to a 
round shape in which casing has been run into a 
branch well and sealed with respect to the branch- 
ing outlets by means of conventional liner hanging 
packers. 

Figure 4 is a perspective view of a three symmetri- 
cal outlet branching sub of the present invention 
with the outlet branches expanded. 
Figures 5A, 5B, 5C, and 5D illustrate configurations 
of the present invention with asymmetrical branch- 
ing outlets with at least one outlet having larger in- 
ternal dimensions than the other two, with Figure 
5A being a radial cross-section through the branch- 
ing outlets along line 5A-5A in a retracted position, 
with Figure 5B being an axial cross-section through 
the lines 5B-5B of Figure 5A, with Figure 5C being 
a radial cross-section along lines 5C-5C of Figure 
5D with the branching outlets in an expanded posi- 
tion, and with Figure 5D being an axial cross-sec- 
tion along lines 5D-5D of Figure 5C with the branch- 
ing outlets in an expanded position; 
Figures 6A-6E illustrate radial cross-sections of 
several examples of branching outlet configurations 
of the branching sub according to the invention, with 
all outlet branches fully expanded from their retract- 
ed state during deployment in a parent well, with 
Figure 6A illustrating two equal diameter outlet 
branches, Figure 6B illustrating three equal diame- 
ter outlet branches, Figure 6C, like Figure 5C, illus- 
trating three outlet branches with one branch char- 
acterized by a larger diameter than the other two, 
with Figure 6D illustrating four equal diameter outlet 
branches, and with Figure 6E illustrating five outlet 
branches with the center branch being of smaller 
diameter than the other four; 
Figures 7A-7E illustrate stages of expanding the 
outlet members of an expandable branching sub ac- 
cording to the invention, with Figure 7A illustrating 
an axial cross-section of the sub showing multiple 
branching outlets with one such outlet in a retracted 
position and the other such outlet being expanded 
starting with its connection to the branching head 
and continuing expansion downwardly toward the 
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lower opening of the branching outlets, with Figure 
7B illustrating a radial cross-section at axial position 
B of Figure 7A and assuming that each of three 
symmetrical branching outlets are being expanded 
simultaneously, and with Figures 70 through 7E s 
showing various stages of expansion as a function 
of axial distance along the branching outlets; 
Figures 8A and 8B illustrate respectively in axial 
cross-section and a radial cross-section along lines 
8B-8B, latching and orientation profiles of a branch- 10 
ing chamber of the branching sub, and Figure 8A 
further illustrates an extension leg and supporting 
shoe for deployment in a parent well and for provid- 
ing stability to the branching sub while expanding 
the branching outlets from their retracted position; is 
Figure 9 schematically illustrates uphole and down- 
hole apparatus for expanding the branching outlets 
of the branching sub; 

Figure 1 0 illustrates steps of the process of expand- 
ing and forming the branching outlets with a pres- 20 
sure forming pad of the apparatus of Figure 9; 
Figures 11A-11H illustrate steps of an installation 
sequence for a nodal branching sub and for creating 
branch wells from a parent well according to the in- 
vention; 25 
Figure 12 illustrates a branching sub deployed in a 
parent well and further illustrates branch well liners 
hung from branching outlets and still further illus- 
trates production apparatus deployed in the branch- 
ing sub for controlling production from branch wells so 
into the parent well; 

Figures 13A and 13B geometrically illustrate the in- 
crease in branch well size achievable for this inven- 
tion as compared with prior art conventional axial 
branch wells from liners packed at the end of parent 35 
casing; 

Figures 14A-14D are illustrative sketches of nodal 
branching according to the invention where Figure 
14A illustrates establishing a node in a parent well 
and establishing branch wells at a common depth 40 
point in the parent well, all of which communicate 
with a parent well at the node of the parent well; with 
Figure 14B illustrating an expanded branching sub 
which has had its branching outlets expanded be- 
yond the diameter of the parent casing and formed 45 
to be substantially round; with Figure 14C illustrat- 
ing using a primary node and secondary nodes to 
produce hydrocarbons from a single strata; and with 
Figure 14D illustrating using an expanded branch- 
ing sub from a primary node to reach multiple sub- so 
terranean targets; 

Figure 15A illustrates a two outlet version of a 
branching sub according to the invention, with Fig- 
ures 15B, 15B\ 15C, and 15D illustrating cross-sec- 
tional profiles of such two outlet version of a branch- ss 
ing sub with an alternative post-forming tool at var- 
ious depth locations in the outlet members; 
Figure 16 illustrates a two arm alternative version 



of a post-forming tool; and 
Figures 1 7A-1 7D illustrate the operation of such al- 
ternative post-forming tool. 

Description of the Preferred Embodiments 

[0015] As described above, Figures 1A and 1B illus- 
trate the problems with prior art apparatus and methods 
for establishing branch wells from a parent well. Figures 
1 A and 1 B show radial and axial cross-sections of mul- 
tiple outlet liners 12 hung and sealed from a large diam- 
eter conductor pipe 10. The outlets are round in order 
to facilitate use of conventional lining hanger packers 
1 4 to seal the outlet liners 1 2 for communication with the 
conductor pipe 1 0. The arrangement of Figures 1 A and 
1B requires that multiple round outlets of diameter Do 
fit within the diameter Ds1 of the conductor pipe 10. In 
many cases, especially where the conductor pipe must 
be deployed at a depth in the well, rather than at the 
surface of the well, it is not feasible to provide a borehole 
of sufficient outer diameter to allow branch well outlets 
of sufficient diameter to be installed. 
[0016] The technique of providing branch wells ac- 
cording to the prior art arrangement depicted in Figure 
2 creates branch wells 22, 24 from a primary well 20. 
Special sealing arrangements 26, unlike conventional 
casing hangers, must be provided to seal a lined branch 
well 22, 24 to the primary well 20. 

Description of Branching Sub According to the Invention 

[0017] Figures 3A, 3B, and 3C illustrate a branching 
sub 30 according to the invention. The branching sub 
includes a branching chamber 32, (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 of Figure 12)), and multiple outlet members, 
for example three outlet members 34, 36, 38 illustrated 
in Figures 3A, 3B, and 3C. Figure 3A is a radial cross- 
section view through the branching chamber 32 which 
illustrates one outlet member 34 in a retracted state, a 
second outlet member 36 in the state of being expanded 
outwardly, and a third outlet member 38 which has been 
fully expanded outwardly. (Figure 3A is presented for il- 
lustrative purposes, because according to the invention 
it is preferred to expand and circularize each of the out- 
lets simultaneously.) In the retracted state, each outlet 
is deformed as shown particularly for outlet member 34. 
A round tube is deformed such that its cross-sectional 
interior area remains essentially the same as that of a 
circular or round tube, but its exterior shape is such that 
it fits cooperatively with the deformed shape of the other 
outlet members, all within an imaginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the branching chamber 32 and 
its retracted outlet members have an effective outer di- 
ameter which allows it to be run in a parent well to a 
deployment location while attached to a parent casing. 
Outlet member 34 in its retracted state is illustrated in 
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an oblong shape, but other retracted shapes may also 
prove to have advantageous characteristics. For exam- 
ple, a concave central area of deformation in the outer 
side of a retracted outlet member may be advantageous 
to provide a stiffer outlet member. Such deformation is 
progressively greater and deeper starting from the top 
to the bottom of the outlet member. 
[0018] Figure 3A shows outlet member 36 in a state 
of being expanded in an arcuate path outwardly from 
the branching chamber 32 while simultaneously being 
rounded by a downhole forming-expanding tool that is 
described below. The arrows labeled F represent forces 
being applied from the interior of the outlet member 36 
in order to expand that outlet member both outwardly in 
an arcuate path away from branching chamber 32 and 
to circularize it from its retracted state (as is the condi- 
tion of outlet member 34) to its expanded or fully de- 
ployed state like outlet member 38. 
[0019] Figure 3B is a radial cross-section as viewed 
by lines B-B of Figure 3C through the branching sub 30 
at the level of outlet members 36, 38. Figure 3C illus- 
trates conventional casing liners 42, 44 which have 
been installed through branching chamber 32 and into 
respective outlet members 36 t 38. Conventional liner 
hanging packers 46, 48 seal casing liners 42, 44 to outlet 
members 36, 38. As illustrated in Figures 3B and 3C, if 
the diameter Ds2 of the branching chamber 32 is the 
same as the diameter Ds1 of the conductor pipe of prior 
art Figure 1 B, then the outlet diameter D c of Figure 3C 
is 1 .35 times as great as the outer diameter Do of Figure 
1 B. The liner cross-sectional area S c of the sub of Figure 
3C is 1.82 times as great as the liner cross-sectional 
area So of Figure 1 A. When fully expanded, the effective 
diameter of the expanded outlet members 34, 36, 38 ex- 
ceeds that of the branching chamber 32. 
[0020] Figure 4 is a perspective view of the branching 
sub 30 of Figures 3A, 3B, 3C where the branching sub 
is shown after expansion. Threads 31 are provided at 
the top end of branching chamber 32. Threads 31 ena- 
ble branching sub 30 to be connected to a parent casing 
for deployment at a subterranean location. Outlet mem- 
bers 34, 36, 38 are shown expanded as they would look 
downhole at the end of a parent well. 
[0021] Figures 5A-5D illustrate an alternative three 
outlet branching sub 301 according to the invention. Fig- 
ures 5 A and 5 B illustrate in radial and axial cross-section 
views the sub 301 in its retracted position. Outlet mem- 
bers 341, 361 and 381 are illustrated with outlet member 
361 being about equal to the combined radial cross-sec- 
tional area of outlet members 341 and 381 combined. 
Each of the outlet members are deformed inwardly from 
a round tubular shape to the shapes as illustrated in Fig- 
ure 5A whereby the combined deformed areas of outlet 
members 341 , 361 and 381 substantially fill the circular 
area of branching chamber 321. Other deformation 
shapes may be advantageous as mentioned above. 
Each deformed shape of outlet members 341 , 361 and 
381 of Figure 5A is characterized by (for example, of the 
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outlet member 341 ) a circular outer section 342 and one 
or more connecting, non-circular sections 343, 345. 
Such non-circular sections 343, 345 are cooperatively 
shaped with section 362 of outlet member 361 and 382 
5 of outlet member 381 so as to maximize the internal ra- 
dial cross-sectional areas of outlet members 341 , 361 
and 381 . 

[0022] Figures 5C and 5D illustrate the branching sub 
301 of Figures 5 A and 5B after its outlet members have 

10 been fully expanded after deployment in a parent well. 
Outlet members 361 and 381 are illustrated as having 
been simultaneously expanded in a gently curving path 
outwardly from the axis of branching chamber 321 and 
expanded radially to form circular tubular shapes from 

*5 the deformed retracted state of Figures 5A and 5B. 
[0023] Figures 6A-6E show in schematic form the size 
of expanded outlet members as compared to that of the 
branching chamber. Figure 6A shows two outlet mem- 
bers 241 , 242 which have been expanded from a de- 

20 formed retracted state. The diameters of outlet mem- 
bers 241 and 242 are substantially greater in an expand- 
ed state as compared to their circular diameters if they 
could not be expanded. Figure 6B repeats the case of 
Figure 3B. Figure 6C repeats the uneven triple outlet 

25 configuration as shown in Figures 5A-5D. Figure 6D il- 
lustrates four expandable outlet members from a 
branching chamber 422. Each of the outlet members 
441 , 442, 443, 445 are of the same diameter. Figure 6E 
illustrates five outlet members, where outlet member 

30 545 is smaller than the other four outlet members 541, 
542, 543, 544. Outlet member 545 may or may not be 
deformed in the retracted state of the branching sub. 

Description of Method for Expanding a Deformed 
35 Retracted Outlet Member 

[0024] Figures 7A-7E illustrate downhole forming 
heads 122, 124, 126 operating at various depths in out- 
let members 38, 34, 36. As shown on the right hand side 

40 of Figure 7A, a generalized forming head 122 is shown 
as it enters a deformed retracted outlet member, for ex- 
ample outlet member 38, at location B. Each of the form- 
ing heads 122, 124, 126 has not yet reached an outlet 
member, but the heads have already begun to expand 

45 the outlet wall of branching chamber 32 outwardly as 
illustrated in Figure 7B. The forming heads 122, 124, 
126 continue to expand the outlet members outwardly 
as shown at location C. Figure 7C shows the forming 
heads 1 22, 1 24, 1 26 expanding the outlet members out- 

50 wardly while simultaneously circularizing them. Forming 
pads 123, 125, 127 are forced outwardly by a piston in 
each of the forming heads 122, 124, 126, The forming 
heads simultaneously bear against central wall region 
150 which acts as a reaction body so as to simultane- 

55 ously expand and form the outlet members 38, 34, 36 
while balancing reactive forces while expanding. Fig- 
ures 7D and 7E illustrate the forming step locations D 
and E of Figure 7A. 
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[0025] Figures 8A and 8B illustrate an axially extend- 
ing slot 160 in the branching chamber 32 of branching 
sub 30. Such slot 1 60 cooperates with an orienting and 
latching sub of a downhole forming tool for radial posi- 
tioning of such orienting and latching sub forforming and 
expanding the multiple outlet members downhole. A 
notch 1 62 in branching chamber 32 is used to latch the 
downhole forming tool at a predetermined axial position. 
[0026] An extension leg 170 projects downwardly 
from the central wall region 150 of branching sub 30. A 
foot 172 is carried at the end of extension leg 170. In 
operation, foot 1 72 is lowered to the bottom of the bore- 
hole at the deployment location. It provides support to 
branching sub 30 during forming tool expanding and 
other operations. 

Description of Forming Tool 

a) Description of Embodiment of Figures 9, 1 0 

[0027] Figures 9 and 10 illustrate the forming tool 
used to expand multiple outlet members, for example 
outlet members 34, 36, 38 of Figures 3A, 3B, and 3C 
and Figures 7B, 7C, 7D and 7E. The forming tool in- 
cludes uphole apparatus 100 and downhole apparatus 
200. The uphole apparatus 1 00 includes a conventional 
computer 102 programmed to control telemetry and 
power supply unit 104 and to receive commands from 
and display information to a human operator. An uphole 
winch unit 106 has an electrical wireline 110 spooled 
thereon for lowering downhole apparatus 200 through 
a parent well casing and into the branching chamber 32 
of a branching sub 30 which is connected to and carried 
at the end of the parent casing. 
[0028] The downhole apparatus 200 includes a con- 
ventional cable head 202 which provides a strength/ 
electrical connection to wireline 1 1 0. A telemetry, power 
supplies and controls module 204 includes conventional 
telemetry, power supply and control circuits which func- 
tion to communicate with uphole computer 1 02 via wirer 
line 110 and to provide power and control signals to 
downhole modules. Hydraulic power unit 206 includes 
a conventional electrically powered hydraulic pump for 
producing downhole pressurized hydraulic fluid. An ori- 
enting and latching sub 208 includes a latching device 
210 (schematically illustrated) for fitting within notch 1 62 
of branching chamber 32 of Figure 8A and an orienting 
device 212 (schematically illustrated) for cooperating 
with slot 1 60 of branching chamber 32. When the down- 
hole apparatus 200 is lowered into branching sub 30, 
orienting device 212 enters the slot 160 and the down- 
hole apparatus 200 is further lowered until the latching 
device 210 enters and latches within notch 162. 
[0029] Fixed traveling head 213 provides hydraulic 
fluid communication between hydraulic power unit 206 
and the traveling forming heads 122, 124, 126, for ex- 
ample. Telescopic links 180 provide pressurized hy- 
draulic fluid to traveling forming heads 122, 124, 126 as 



the heads 122, 124, 126 move downwardly within the 
multiple outlet members, for example outlet members 
34, 36, 38 of Figures 7B-7E. Monitoring heads 182, 184, 
1 86 are provided to determine the radial distance moved 
5 while radially forming an outlet member. 

[0030] Figure 10 illustrates traveling forming heads 
126, 124, 122 in different stages of forming an outlet 
member of branching sub 30. Forming head 126 is 
shown in outlet member 36, which is illustrated by a 
io heavy line before radial forming in the retracted outlet 
member 36. The outlet member is shown in light lines 
36', 36". Where the outlet member is depicted as 36' in 
an intermediate stage of forming and as 36 M in its final 
formed stage. 

15 [0031 ] The forming head 1 24 is shown as it is radially 
forming retracted outlet member 34 (in light line) to an 
intermediate stage 34'. A final stage is illustrated as cir- 
cularized outlet member 34". The forming head 124, like 
the other two forming heads 126, 122, includes a piston 

20 151 on which forming pad 125 is mounted. Piston 151 
is forced outwardly by hydraulic fluid applied to opening 
hydraulic line 152 and is forced inwardly by hydraulic 
fluid applied to closing hydraulic line 154. A caliper sen- 
sor 184 is provided to determine the amount of radial 

& travel of piston 1 51 and forming pad 125, for example. 
Suitable seals are provided between the piston 151 and 
the forming head 124. 

[0032] The forming head 1 22 and forming pad 1 23 are 
illustrated in Figure 1 0 to indicate that under certain cir- 
*o cumstances the shape of the outlet member 38 may 
be i over expanded* to create a slightly oblong 
shaped outlet, such that when radial forming force from 
forming pad 123 and forming head 122 is removed, the 
outlet will spring back into a circular shape due to resid- 
es ual elasticity of the steel outlet member. 

[0033] At the level of the branching chamber 32, form- 
ing heads 122, 124, 126, balance each other againstthe 
reaction forces while forcing the wails of the chamber 
outwardly. Accordingly the forming heads 122, 124, 126 
40 are operated simultaneously, for example at level B of 
Figure 7A, while forcing the lower end of the wall of the 
branching chamber 32 outwardly. When a forming head 
122 enters an outlet member 38 for example, the pad 
reaction forces are evenly supported by the central wall 
*s region 150 of the branching chamber 32. The telescopic 
links 1 80 may be rotated a small amount so that the 
forming pads 127, 125, 123 can apply pressure to the 
right or left from the normal axis and thereby improve 
the roundness or circularity of the outlet members. After 
so a forming sequence is performed, for example at loca- 
tion D in Figure 7A, the pressure is released from piston 
151, and the telescopic links 180 lower the forming 
heads 122, for example, down by one step. Then the 
pressure is raised again forforming the outlet members 
>5 and so forth. 

[0034] The composition of the materials of which the 
branching sub 30 is constructed is preferably of an alloy 
steel with austenitic structure, such as manganese 



11 



EP 0 795 679 B1 



12 



steel, or nickel alloys such as "Monel" and "Inconel" se- 
ries. Such materials provide substantial plastic deforma- 
tion with cold forming thereby providing strengthening. 

b) Description of Alternative Embodiment of Figures 
15A-15D, 16 and 17A-17D 

[0035] An alternative post-forming tool is illustrated in 
Figures 15A, 15B, 15B £, 15C, 15D t 16, and 17A-17D. 
The post-forming tool 1500 is supported by common 
downhole components of Figure 9 including a cable 
head 202, telemetry, power supplies and controls mod- 
ule 204, hydraulic power unit 206 and an orienting and 
latching sub 208. Figure 16 illustrates that post-forming 
tool 1 500 includes a travel actuator 151 0. A piston 1512 
of travel actuator 1510 moves from an upper retracted 
position as shown in Figure 17A to a lower extended 
position as shown in Figures 17C and 17D. Figure 17B 
shows the piston 1512 in an intermediate position. Pis- 
ton 1 51 2 moves to intermediate positions depending on 
the desired travel positions of forming heads in the outlet 
members. 

[0036] Figures 16 and 17D illustrate a two forming 
head embodiment of the post-forming tool 1500 where 
two outlet members (e.g., see outlet members 1 560 and 
1 562 of Figures 1 5A-1 5D) are illustrated. Three or more 
outlet members may be provided with a corresponding 
number of forming heads and actuators provided. Links 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylinders 1516 are forced 
downwardly into outlet members 1560, 1562 as piston 
1512 moves downwardly. 

[0037] Actuator cylinders 1516 each include a hy- 
draulically driven piston 1518 which receives pressu- 
rized hydraulic fluid from hydraulic power unit 206 (Fig- 
ure 9) via travel actuator 1510 and links 1 51 4. The piston 
1 51 8 is in an upper position as illustrated in Figures 1 7A 
and 1 7C and in a lower position as illustrated in Figures 
17Band17D. 

[0038] The actuator cylinders 1516 are pivotally 
linked via links 1 524 to forming pads 1 520. The pistons 
1 51 8 are linked via rods 1 526 to expanding rollers 1 522. 
As shown in Figures 17A and 15B\ the forming pads 
1520 enter an opening of two retracted outlet members 
as illustrated in Figure 15B. The expanding rollers 1522 
and forming pads 1 520 are in a retracted position within 
retracted outlet members 1560, 1562. 
[0039] The piston 151 2 is stroked downwardly a small 
amount to move actuator cylinders 1516 downwardly a 
small amount. Next, pistons 1518 are stroked down- 
wardly causing expanding rollers 1522 to move along 
the inclined interior face of forming pads 1520 causing 
the pads to push outwardly against the interior walls of 
retracted outlet members 1560, 1562 until the outlet 
members achieve a circular shape at that level. Simul- 
taneously, the outlet members are forced outwardly 
from the axis of the multiple outlet sub 1550. Next, the 
pistons 1518 are stroked upwardly, thereby returning 



the expanding rollers 1522 to the positions as shown in 
Figure 15C. The piston 1512 is stroked another small 
distance downwardly thereby moving the forming pads 
1520 further down into the outlet members 1560, 1562. 
s Again, the pistons 151 8 are stroked downwardly to fur- 
ther expand the outlet members 1560, 1562 outwardly 
and to circularize the outlets. The process is continued 
until the positions of Figures 15D and 17D are reached 
which illustrate the position of the forming pads 1520 
10 and actuator cylinders 1516 at the distal end of the mul- 
tiple outlet members 1560, 1562. 

Description of Method for Providing Branch Wells 

15 [0040] Figures 11A-11H and Figure 12 describe the 
process for establishing branch wells from a branching 
sub 30 in a well. The branching sub 30 is illustrated as 
having three outlet members 34, 36, 38 (per the exam- 
ple of Figures 3A, 3B, 3C and Figures 7A-7E) but any 

20 number of outlets may also be used as illustrated in Fig- 
ures 6A-6E. Only the outlets 38, 36 are illustrated from 
the axial cross-sectional views presented, but of course 
a third outlet 34 exists for a three outlet example, but it 
is not visible in the views of Figures 11 A-11H or Figure 

25 12. 

[0041 ] Figure 1 1 A shows that the branching sub 30 is 
first connected to the lower end of a parent casing 604 
which is conveyed through intermediate casing 602 (if 
present). Intermediate casing 602 lines the wellbore and 

30 is typically run through surface casing 600. Surface cas- 
ing 600 and intermediate casing 602 are typically pro- 
vided to line the wellbore. The parent casing 604 may 
be hung from intermediate casing 602 or from the well- 
head at the surface of the earth or on a production plat- 

35 form. 

[0042] The outlet members 36, 38 (34 not shown) are 
in the retracted position. Slot 1 60 and notch 1 62 are pro- 
vided in branching chamber 32 of branching sub 30 (see 
Figure 12) to cooperate with orienting device 212 and 

40 latching device 21 0 of orienting and latching sub 208 of 
downhole apparatus 200 (See Figure 9). When the par- 
ent casing 604 is set downhole, the branching sub 30 
may be oriented by rotating the parent casing 604 or by 
rotating only the branching sub 30 where a swivel joint 

4* is installed (not illustrated) at the connection of the 
branching sub 30 with the parent well casing 604. The 
orienting process may be monitored and controlled by 
gyroscopic or inclinometer survey methods. 
[0043] Figure 11 B illustrates the forming step de- 

50 scribed above with forming heads 1 22, 1 26 shown form- 
ing outlet members 38, 36 with hydraulic fluid being pro- 
vided by telescopic links 180 from hydraulic power unit 
206 and fixed traveling head 213. The outlet members 
36, 38 are rounded to maximize the diameter of the 

55 branch wells and to cooperate by fitting with liner hang- 
ers or packers in the steps described below. The forming 
step of Figure 1 1 B also strengthens the outlet members 
36, 38 by their being cold formed. As described above, 
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the preferred material of the outlet members 36, 38 of 
the branching sub is alloyed steel with an austenitic 
structure, such as manganese steel, which provides 
substantial plastic deformation combined with high 
strengthening. Cold forming (plastic deformation) of a 
nickel alloy steel, such as "Inconel", thus increases the 
yield strength of the base material at the bottom end of 
the branching chamber 32 and in the outlet members 
36, 38. The outlet members are formed into a final sub- 
stantially circular radial cross-section by plastic defor- 
mation. 

[0044] As described above, it is preferred under most 
conditions to convey and control the downhole forming 
apparatus 200 by means of wireline 110, but under cer- 
tain conditions, e.g., under-balanced wellbore condi- 
tions, (or in a highly deviated or horizontal well) a coiled 
tubing equipped with a wireline may replace the wireline 
alone. As illustrated in Figure 1 1 B and described above, 
the downhole forming apparatus 200 is oriented, set and 
locked into the branching sub 30. Latching device 210 
snaps into notch 162 as shown in Figure 11 B (see also 
Figure 12). Hydraulic pressure generated by hydraulic 
power unit 206 is applied to pistons in forming heads 
1 22, 1 26 that are supported by telescopic links 1 80. Af- 
ter a forming sequence has been performed, the pres- 
sure is released from the pistons, and the telescopic 
links 180 lower the forming pads down by one step. 
Then the pressure is raised again and so on until the 
forming step is completed with the outlet members cir- 
cularized. After the outlet members are expanded, the 
downhole forming apparatus 200 is removed from the 
parent casing 604. 

[0045] Figures 11 C and 11 D illustrate the cementing 
steps for connecting the parent casing 604 and the 
branching sub 30 into the well. Plugs or packers 800 are 
installed into the outlet members 36, 38. The preferred 
way to set the packers 800 is with a multiple head stinger 
802 conveyed either by cementing string 804 or a coiled 
tubing (not illustrated). A multiple head stinger includes 
multiple heads each equipped with a cementing flow 
shoe. The stinger 802 is latched and oriented in the 
branching chamber 32 of branching sub 30 in a manner 
similar to that described above with respect to Figure 
1 1 B. As illustrated in Figure 1 1 D, cement 900 is injected 
via the cementing string 804 into the packers 800, and 
after inflating the packers 800 flows through convention- 
al check valves (not shown) into the annulus outside 
parent casing 604, including the bottom branching sec- 
tion 1000. Next, the cementing string 804 is pulled out 
of the hole after disconnecting and leaving packers 800 
in place as shown in Figure 11 E. 
[0046] As shown in Figure 1 1 F, individual branch wells 
(e.g. 802) are selectively drilled using any suitable drill- 
ing technique. After a branch well has been drilled, a 
liner 805 is installed, connected, and sealed in the outlet 
member, 36 for example, with a conventional casing 
hanger 806 at the outlet of the branching sub 30 (See 
Figures 11 G and 11 H). The liner may be cemented (as 



illustrated in Figure 11G) or it may be retrievable de- 
pending on the production or injection parameters, and 
a second branch well 808 may be drilled as illustrated 
in Figure 11 H. 

5 [0047] Figure 1 2 illustrates completion of branch wells 
from a branching sub at a node of a parent well having 
parent casing 604 run through intermediate casing 602 
and surface casing 600 from wellhead 610. As men- 
tioned above, parent casing 604 may be hung from in- 
fo termediate casing 602 rather than from wellhead 61 0 as 
illustrated. The preferred method of completing the well 
is to connect the branch wells 802, 808 to a downhole 
manifold 61 2 set in the branching chamber 32 above the 
junction of the branch wells 802, 808. The downhole 

*s manifo id 61 2 is oriented and latched in branching cham- 
ber 32 in a manner similar to that of the downhole form- 
ing tool as illustrated in Figures 8A, 8B and 11 B. The 
downhole manifold 612 allows for control of the produc- 
tion of each respective branch well and provides forse- 

20 lective re-entry of the branch wells 802, 808 with testing 
or maintenance equipment which may be conveyed 
through production tubing 820 from the surface. 
[0048] In case of remedial work in the parent casing 
604, the downhole manifold 612 can isolate the parent 

25 well from the branch wells 802, 808 by plugging the out- 
let of the downhole manifold 612. This is done by con- 
veying a packerthrough production tubing 820, and set- 
ting it in the outlet of downhole manifold 612 before dis- 
connecting and removing the production tubing 820. 

30 Valves controllable from the surface and testing equip- 
ment can also be placed in the downhole equipment. 
The downhole manifold 612 can also be connected to 
multiple completion tubing such that each branch well 
802, 808 can be independently connected to the surface 

35 wellhead. 

[0049] The use of a branching sub for branch well for- 
mation, as described above, for a triple branch well con- 
figuration, allows the use of dramatically smaller parent 
casing as compared to that required in the prior art ar- 

40 rangement of Figures 1 A and 1 B. The relationships be- 
tween the branching sub diameter D st the maximum ex- 
panded outlet diameter D ot and the maximum diameter 
of a conventional axial branch D c for a two outlet case 
is shown in Figure 13A, and for a three outlet case in 

45 Figure 1 3B. The same kind of analysis applies for other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that could be made of liners 
packed at the end of the parent casing, the branching 
well methods and apparatus of the present invention al- 
so low a gain in branch cross-sectional area ranging from 
20 to 80 percent. 

[0050] Figures 14A-14D illustrate various uses of two 
node branch well configurations according to the inven- 
tion. Figures 14A and 14B illustrate a branching sub at 
w a node according to the invention. Figure 1 4C illustrates 
how branch wells may be used to drain a single strata 
or reservoir 1100, while Figure 14D illustrates the use 
of a single node by which multiple branch wells are di- 
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rected to different target zones 1120, 1140, 1160. Any 
branch well may be treated as a single well for any in- 
tervention, plugging, or abandonment, separate from 
the other wells. 

[0051] Various modifications and alterations in the de- 5 
scribed methods and apparatus will be apparent to 
those skilled in the art of the foregoing description which 
do not depart from the spirit of the invention. For this 
reason, such changes are desired to be included within 
the scope of the appended claims which inclu de the only 10 
limitations to the present invention. The descriptive 
manner which is employed for setting forth the embod- 
iments should be interpreted as illustrative but not limi- 
tative. 

15 

Claims 

1 . An apparatus for casing a borehole, said apparatus 
comprising: 20 

a string of well casing (604); and - 
a multiple branching sub (30) on the lowermost 
end of said well casing string (604), wherein 
said multiple branching sub (30) includes 25 
a branching chamber (32) having an open first 
end of cylindrical shape and a second end, said 
branching chamber (32) in sealed connection 
at said first end with said well casing (604); and 
multiple branching outlet members (34, 36, 38), 30 
each of which is integrally connected to said 
second end of said branching chamber (32), 
each of said multiple branching outlet members 
(34, 36, 38) being in fluid communication with 
said branching chamber (32), said sub (30) be- 35 
ing characterized by: 

a retracted position for insertion into said 
borehole in which each of said multiple 
branching outlet members (34, 36, 38) is 40 
substantially totally within an imaginary cyl- 
inder which is coaxial with and of substan- 
tially the same radius as said first end of 
said branching chamber (32); and 
an expanded position in which at least one 45 
of said multiple branching outlet members 
(34, 36, 38) extends from said branching 
chamber (32) in a path outwardly of said 
imaginary cylinder. 

50 

2. The apparatus of claim 1 , wherein 

said multiple branching outlet members (34, 36, 38) 
are designed and arranged such that in said ex- 
panded position, each of said multiple outlet mem- 
bers (34, 36, 38) extends in an arcuate path from 55 
said branching chamber (32) outwardly of said im- 
aginary cylinder. 



3. The apparatus of claim 1 or claim 2, wherein: 

said at least one of said multiple branching out- 
let members (34, 36, 38) in said retracted posi- 
tion is characterized by a radial non-circular 
cross-sectional shape; and 
said at least one of said multiple branching out- 
let members (34, 36, 38) in said expanded po- 
sition is characterized by a substantially circu- 
lar radial cross-sectional shape. 

4. The apparatus of claim 1 or claim 2 wherein: 

each one of said multiple branching outlet 
members (34, 36, 38) in said retracted position 
is characterized by a non-circular radial cross- 
sectional shape; and 

at least one of said multiple branching outlet 
members (34, 36, 38) in said expanded position 
is characterized by a substantially circular ra- 
dial cross-sectional shape. 

5. The apparatus of any preceding claim, wherein: 

said multiple branching outlet members (34, 36 , 
38) are formed of a material which may be plas- 
tically deformed by cold forming. 

6. The apparatus of claim 5 wherein said material is 
an alloyed steel with austenitic structure. 

7. The apparatus of claim 6 wherein said material is a 
nickel alloy. 

8. The apparatus of any preceding claim, wherein 
each of said multiple branching outlet members (34, 
36, 38) is of substantially the same radial cross-sec- 
tional area. 

9. The apparatus of any preceding claim, wherein 

at least one of said multiple branching outlet mem- 
bers (34, 36, 38) is characterized by a radial cross- 
sectional area which is greaterthan at least one oth- 
er of said multiple branching outlet members (34, 
36, 38). 

10. The apparatus of any preceding claim, wherein said 
multiple branching outlet members include five out- 
lets (541, 542, 543, 544, 545), where one of said 
outlets (545) is characterized by a radial cross- 
sectional area which is less than four (541, 542, 
543, 544) of said multiple branching outlet mem- 
bers. 

11. The apparatus of any preceding claim, further com- 
prising: 

a leg member (1 70) carried substantially axially 
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downwardly from said second end of said 

branching chamber (32); and 

a foot (1 72) disposed at a distal end of said leg 

(170). 

5 

12. The apparatus of any one of claims 1 to 10 wherein: 

a central support region (1 50) is defined at said 
second end of said branching chamber (32) be- 
tween integral connections of said multiple 10 
branching outlet members (34, 36, 38) to said 
second end, and further comprising: 

an extension leg (170) carried from said 
central support region (150) which extends 15 
axially beyond said multiple branching out- 
let members (34, 36, 38); and 
a foot (1 72) disposed at a distal end of said 
leg (170). 

20 

1 3. A method of installing a multiple branching sub (30) 
in a borehole where said sub (30) includes a 
branching chamber (32) having a cylindrical first 
end and a second end, and multiple branching out- 
let members (34, 36, 38) each of which is connected 25 
to said second end of said branching chamber (32) 
and which are disposed in a retracted position in 
which each of said multiple branching outlet mem- 
bers (34, 36, 38) is substantially totally within an im- 
aginary cylinder which is coaxial with, and of sub- 30 
stantially the same radius as, said cylindrical first 
end of said branching chamber (32), the method 
comprising the steps of: 

connecting said first end of said branching 35 
chamber (32) of said sub (30) to a lower end of 
a casing string (604); 

running said casing string (604) and said sub 
(30) into a borehole to a node position where a 
branch borehole (801) is to be provided; 40 
running a forming tool (200) through said cas- 
ing string (604) into said branching chamber 
(32) of said sub (30); 

orienting said forming tool (200) within said sub 
(30) in order to insert said forming tool (200) 45 
into at least one of said multiple branching out- 
let members (34, 36, 38) at said second end of 
said branching chamber (32); and 
expanding said at least one of said multiple 
branching outlet members (34, 36,38) with said so 
forming tool (200) until said at least one multiple 
branching outlet member extends from a con- 
nection at said second end of said branching 
chamber (32) in a path outwardly of said imag- 
inary cylinder. 55 

1 4. In the method of claim 1 3 in which said at least one 
of said multiple branching outlet members (34, 36, 



38) in said retracted position is characterized by a 
non-circular radial cross-sectional shape, said ex- 
panding step including the substep of 
expanding said at least one of said multiple branch- 
ing outlet members (34, 36, 38) with said forming 
tool (200) until said at least one multiple branching 
outlet member is characterized by a substantially 
circular radial cross-sectional shape. 

15. The method of claim 14, wherein the expanding 
step includes the further substeps of expanding a 
plurality of multiple branching outlet members (34, 
36, 38) with said forming tool (200) until each one 
of said plurality of multiple branching outlet mem- 
bers (34, 36, 38) is characterized by a substantially 
circular radial cross-sectional shape and each one 
of said plurality of multiple branching outlet mem- 
bers (34, 36, 38) extends from a connection at said 
second end of said branching chamber (32) in a 
path outwardly of said imaginary cylinder. 

16. The method of claim 15, wherein said substeps of 
expanding a plurality of multiple branching outlet 
members (34, 36, 38) with said forming tool (200) 
are performed simultaneously. 

17. The method of claim 13, wherein said expanding 
step includes a plurality of sub expanding steps, 
with the first sub expanding step beginning at the 
connection of said at least one of said multiple 
branching outlet members (34, 36, 38) at said 
branching chamber (32) and with multiple additional 
sub expanding steps performed at respectively 
greater distances from said connection of said at 
least one of said multiple branching outlet members 
(34, 36, 38) at said branching chamber (32). 

18. A multiple branching sub (30) with an apparatus 
(1 00, 200) for expanding and forming an outlet (34, 
36, 38) of said multiple branching sub (30) in a 
cased borehole, where said sub (30) includes a 
branching chamber (32) having afirst end, a second 
end, and multiple branching outlet members (34, 
36, 38) each of which is connected to said second 
end of said branching chamber (32), with said 
branching outlet members (34, 36, 38) being in a 
retracted condition in which each of said outlet 
members (34, 36, 38) is substantially totally within 
an imaginary cylinder which is coaxial with and sub- 
stantially the same radius as said first end of said 
branching chamber (32), said apparatus (100, 200) 
including: 

an uphole power and control unit (1 00); 
a downhole operational unit (200); and 
an electrical wireline (1 1 0) connected between 
said uphole power and control unit (100) and 
said downhole operational unit (200) for provid- 
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ing a path for electrical power and electrical 
communication signals therebetween; 
said downhole operational unit (200) including 
a forming mechanism (122, 124, 126) arranged 
and designed for insertion in a retracted 
branching outlet member (34, 36, 38) of said 
sub (30) for expanding at least one of said mul- 
tiple outlet members (34, 36, 38) so that it ex- 
tends in a path from said branching chamber 
(32) outwardly of said imaginary cylinder. 

19. The sub (30) and apparatus (100, 200) of claim 18, 
wherein said downhole operational unit (200) in- 
cludes: 

means (210) for latching said downhole opera- 
tional unit (200) at a predetermined axial posi- 
tion within said multiple branching sub (30); and 
means (212) for radially orienting said forming 
mechanism (122, 124, 126) such that said 
forming mechanism (122, 124, 126) is aligned 
with a selected branching outlet member (34, 
36, 38) of said sub (30). 

20. The sub (30) and apparatus (100, 200) of claim 19, 
wherein said downhole operational unit (200) fur- 
ther includes: 

a hydrau lie pump (206) for pressurizing hydrau- 
lic fluid; and 

a head (213) having hydraulic fluid lines con- 
nected to said hydraulic pump (206); and 

wherein 

said forming mechanism (1 22, 1 24, 1 26) includes a 
hydraulically powered forming pad (123, 125, 127) 
and a link (152) between said forming pad (123, 
125, 127) and said head (213) for providing pressu- 
rized hydraulic fluid to said forming pad (123, 125, 
127). 

21 . The sub (30) and apparatus (1 00, 200) of claim 20, 
wherein said forming mechanism (122, 124, 126) 
includes a piston (151) for forcing said forming pad 
(123, 125, 127) outwardly against said outlet mem- 
ber (34, 36, 38). 

22. The sub (30) and apparatus (1 00, 200) of claim 20, 
wherein said forming pad (1520) Includes an in- 
clined interior surface and said forming mechanism 
(1500) includes rollers (1522) coupled to said link 
(1 526) for cooperating with said inclined interior sur- 
face to force said forming pad (1520) outwardly 
against said outlet member (1560, 1562). 

23. The sub (30) and apparatus (100, 200) of claim 22, 
further including an expanding actuator having a 
cylinder body (1516) coupled to said forming pad 



(1 520) by means of a pivotal link (1524) and having 
a piston (1518) coupled to said rollers (1522) by 
means of a rod (1526). 

5 24. The sub (30) and apparatus (100, 200) of claim 23, 
further including a travel actuator (1510) including 
a piston (1512) which is linked structurally and hy- 
draulically to said cylinder body (1516) of said ex- 
panding actuator. 

10 

25. A method of forming a branch well (801 ) from a par- 
ent well comprising: 

running a branching sub (30) having a branch- 
15 ing chamber (32) and multiple branching out- 

lets (34, 36, 38) with a parent casing (604) 
through a parent well to a branching location; 
orienting said branching sub (30) until its mul- 
tiple branching outlets (34, 36, 38) are disposed 
20 In a predetermined orientation; and 

expanding and forming at least one of said mul- 
tiple branching outlets (34, 36, 38) until it ex- 
tends in a path beyond the diameter of said 
branching chamber (32) and achieves a sub- 
25 stantially round shape. 

26. The method of claim 25, wherein said expanding 
and forming step is performed upon a plurality of 
multiple branching outlets (34, 36, 38) until each 

30 one of said plurality of multiple branching outlets 
(34, 36, 38) extends in a path beyond said diameter 
of said branching chamber (32). 

27. The method of claim 26, further comprising the 
35 steps of: 

plugging each of said multiple branching outlets 
(34, 36, 38); 

forming a branch borehole (801) through a se- 
40 lected one (36) of said multiple branching out- 

lets (34, 36, 38); 

installing a substantially round liner (805) in 
said branch borehole (801); and 
sealing an end of said substantially round liner 
45 (805) to said substantially round end of said se- 

lected one (36) of said multiple branching out- 
lets (34, 36, 38). 

28. The method of claim 27, wherein said sealing of 
50 said end of said liner (805) with respect to said se- 
lected one (36) of said multiple branching outlets 
(34, 36, 38) is by means of a liner hanger packer 
(806). 

ss 29. The method of claim 27, further comprising the 
steps of: 

forming a branch borehole (801, 808) through 
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a plurality of said multiple branching outlets (36 
38); 

installing a substantially round liner (805, 810) 
in each of said plurality of multiple branching 
outlets (36, 38); and 5 
sealing an end of each of said substantially 
round liners (805, 810) to a respective end of 
one of said plurality of said multiple branching 
outlets (36, 38). 

10 

30. The method of claim 29, further comprising the 
steps of: 

installing a downhole manifold (612) in said 
branching chamber (32); / 5 
completing each branch borehole (801, 808); 
and 

controlling the production of each branch bore- 
hole (801, 808) to said parent well with said 
manifold (612). 20 

51 . The method of claim 27, further comprising the step 
of delaying forming a branch borehole (808) 
through at least one of said multiple branching out- 
lets and thereby reserving a branch outlet for future 25 
well development. 

12. The method of claim 29, further comprising the 
steps of: 

30 

injecting a heated fluid into at least one of said 
branch boreholes (801 , 808) for the purpose of 
reservoir flow enhancement; and 
producing hydrocarbon fluid from another of 
said multiple branch boreholes (801 , 808) from 35 
a reservoir into which heated fluid has been in- 
jected. 



Patentanspriiche 40 

1. Vorrichtung zum Auskleiden eines Bohrlochs, wo- 
bei die Vorrichtung umfaBt: 

einen Strang aus Bohrlochauskleidungen 45 
(604); und 

eine mehrfach verzweigende Unterbaueinheit 
(30) am untersten Ende des Bohrlochausklei- 
dungsstrangs (604), wobei die mehrfach ver- 
zweigende Unterbaueinheit (30) enthalt: so 

eine Verzweigungskammer (32) mit einem 
oberen ersten Ende mit zylindrischer Form 
und einem zweiten Ende, wobei die Ver- 
zweigungskammer (32) am ersten Ende 55 
mit der Bohrlochauskleidung (604) dicht 
verbunden ist; und 

mehrere verzweigende AuslaBelemente 



(34, 36, 38), wovon jedes mit dem zweiten 
Ende der Verzweigungskammer (32) ein- 
teilig verbunden ist und mit der Verzwei- 
gungskammer (32) in einer Fluidverbin- 
dung steht, wobei die Unterbaueinheit (30) 
gekennzeichnet ist durch: 

eine eingefahrene Position fur die Ein- 
fuhrung in das Bohrloch, in dersich je- 
des der mehrfach verzweigenden Aus- 
Iaf3elemente (34, 36, 38) im wesentli- 
chen vollstandig innerhalb eines ima- 
ginaren Zylinders befindet, derzu dem 
ersten Ende der Verzweigungskam- 
mer (32) koaxial ist und im wesentli- 
chen den gleichen Radius wie dieses 
besitzt; und 

eine ausgefahrene Position, in der 
sich wenigstens eines der mehreren 
verzweigenden AuslaBelemente (34, 
36, 38) von der Verzweigungskammer 
(32) langs eines aus dem imaginaren 
Zylinder verlaufenden Weges er- 
streckt. 

Vorrichtung nach Anspruch 1 , bei der 

die mehreren verzweigenden AuslaBelemen- 
te (34, 36, 38) so entworfen und beschaffen sind, 
daB sich in der ausgefahrenen Position jedes der 
mehreren AuslaBelemente (34, 36, 38) auf einem 
gekrummten Weg von der Verzweigungskammer 
(32) aus dem imaginaren Zylinder erstreckt. 

Vorrichtung nach Anspruch 1 oder 2, bei der 

das wenigstens eine der mehreren verzwei- 
genden AuslaBelemente (34, 36, 38) in der ein- 
gefahrenen Position gekennzeichnet ist 
durch eine nicht kreisformige radiale Quer- 
schnittsform; und 

das wenigstens eine der mehreren verzwei- 
genden AuslaBelemente (34, 36, 38) in der 
ausgefahrenen Position gekennzeichnet ist 
durch eine im wesentlichen kreisformige radia- 
le Querschnittsfonm. 

Vorrichtung nach Anspruch 1 oder Anspruch 2, bei 
den 

jedes der mehreren verzweigenden AuslaBele- 
mente (34, 36, 38) in der eingefahrenen Posi- 
tion gekennzeichnet ist durch eine nicht 
kreisformige radiale Querschnittsform; und 
wenigstens eines der mehreren verzweigen- 
den AuslaBelemente (34, 36, 38) in der ausge- 
fahrenen Position gekennzeichnet ist durch 
eine im wesentlichen kreisformige radiale 
Querschnittsform. 
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5. Vorrichtung nach einem vortiergehenden An- 
spruch, bei der: 

die mehreren verzweigenden AuslaBelemente 
(34, 36, 38) aus einem Werkstoff gebildet sind, s 
der durch Kaltformung plastisch geformt wer- 
den kann. 

6. Vorrichtung nach Anspruch 5, bei der der Werkstoff 

ein legierter Stahl mit Austenitstruktur ist. 10 

7. Vorrichtung nach Anspruch 6, bei der der Werkstoff 
eine Nickellegierung ist. 

8. Vorrichtung nach einem vortiergehenden An- 15 
spruch, bei derjedes der mehreren verzweigenden 
AuslaBelemente (34, 36, 38) im wesentlichen die 
gleiche radiale Querschnittsflache besitzt 

9. Vorrichtung nach einem vortiergehenden An- 20 
spruch, bei der 

wenigstens eines der mehreren verzweigen- 
den AuslaBelemente (34, 36, 38) gekennzefchnet 
ist durch eine radiale Querschnittsflache, die gro- 
Ber als diejenige wenigstens eines der weiteren der 25 
mehreren verzweigenden AuslaBelemente (34, 36, 
38) ist. 

10. Vorrichtung nach einem vortiergehenden An- 
spruch, bei der die mehreren verzweigenden Aus- 30 
laBelemente funf Auslasse (541 , 542, 543, 544, 
545) umfassen, wobei einer der Auslasse (545) ge- 
kennzeichnet ist durch eine radiale Querschnitts- 
flache, die groBer ist als diejenige von vier (541 , 
542, 543, 544) der mehreren verzweigenden Aus- 35 
laBelemente. 

11. Vorrichtung nach einem vortiergehenden An- 
spruch, die ferner umfaBt: 

40 

ein Beinelement (170), das vom zweiten Ende 
der Verzweigungskammer (32) mit einer im we- 
sentlichen axial abwarts weisenden Orientie- 
rung getragen wird; und 

einen FuB (172), der an einem distalen Ende 45 
des Beins (170) angeordnet ist. 

12. Vorrichtung nach einem der Anspruche 1 bis 10, bei 
der: 

50 

ein zentraler Tragerbereich (150) am zweiten 
Ende der Verzweigungskammer (32) zwischen 
einteiligen Verbindungen der mehreren ver- 
zweigenden AuslaBelemente (34, 36, 38) mit 
dem zweiten Ende definiert ist, und die ferner 55 
umfaBt: 

ein Verlangerungsbein (170), das vom 



zentralen Tragerbereich (150) getragen 
wird und sich axial uber die mehreren ver- 
zweigenden AuslaBelemente (34, 36, 38) 
hinaus erstreckt; und 
einen FuB (1 72), der an einem distalen En- 
de des Schenkels (170) angeordnet ist. 

Verfahren zum Installieren einer mehrfach verzwei- 
genden Unterbaueinheit (30) in einem Bohrloch, 
wobei die Unterbaueinheit (30) eine Verzweigungs- 
kammer (32) mit einem zylindrischen ersten Ende 
und einem zweiten Ende sowie mehrere verzwei- 
gende AuslaBelemente (34, 36, 38) besitzt, wovon 
jedes mit dem zweiten Ende der Verzweigungskam- 
mer (32) verbunden ist und die in einer eingefahre- 
nen Position angeordnet sind, in der sich jedes der 
mehreren verzweigenden AuslaBelemente (34, 36, 
38) im wesentlichen vollstandig innerhalb eines 2 
imaginaren Zylinders befindet, derzu dem zylindri- 
schen ersten Ende der Verzweigungskammer (32) 
koaxial ist und im wesentlichen den gleichen Durch- 
messer wie dieser besitzt, wobei das Verfahren die 
folgenden Schritte umfaBt: 

Verbinden des ersten Endes der Verzwei- 
gungskammer (32) der Unterbaueinheit (30) 
mit einem unteren Ende eines Auskleidungs- 
strangs (604); 

Bewegen des Auskleidungsstrangs (604) und 
der Unterbaueinheit (30) in ein Bohrloch zu ei- 
ner Knotenposition, an der ein Verzweigungs- 
bohrloch (801) vorgesehen werden soli; 
Bewegen eines Formungswerkzeugs (200) 
durch den Auskleidungsstrang (604) in die Ver- 
zweigungskammer (32) der Unterbaueinheit 
(30); 

Orientieren des Formungswerkzeugs (200) in 
der Unterbaueinheit (30), um das Formungs- 
werkzeug (200) in wenigstens eines der meh- 
reren verzweigenden AuslaBelemente (34, 36, 
38) am zweiten Ende der Verzweigungskam- 
mer (32) einzufuhren; und 
Ausfahren des wenigstens einen der mehreren 
verzweigenden AuslaBelemente (34, 36, 38) 
mit dem Formungswerkzeug (200), bis das we- 
nigstens eine der mehreren verzweigenden 
AuslaBelemente sich von einer Verbindung am 
zweiten Ende der Verzweigungskammer (32) 
langs eines Weges aus dem imaginaren Zylin- 
der erstreckt. 

Verfahren nach Anspruch 13, bei dem das wenig- 
stens eine der mehreren verzweigenden 
AuslaBelemente (34, 36, 38) in der eingefahrenen 
Position gekennzeichnet ist durch eine nicht 
kreisformige radiale Querschnittsform, wobei der 
Ausfahrschritt den folgenden Unterschritt umfaBt: 
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Ausfahren des wenigstens einen der mehreren 
verzweigenden AuslaBelemente (34, 36, 38) 
mit dem Formungswerkzeug (200), bis das we- 
nigstens eine der mehreren verzweigenden 
AuslaGelemente gekennzeichnet ist durch 5 
eine im wesentlichen kreisformige radiale 
Querschnittsform. 

15. Verfahren nach Anspruch 14, bei dem der Ausfahr- 
schritt die weiteren Unterschritte des Ausfahrens ei- 10 
ner Mehrzahl der mehreren verzweigenden Ausla- 
Belemente (34, 36, 38) mit dem Formungswerk- 
zeug (200) umfaBt, bis jedes der Mehrzahl dermeh- 
reren verzweigenden AuslaBelemente (34, 36, 38) 
gekennzeichnet ist durch eine im wesentlichen 15 
kreisformige radiale Querschnittsform und jedes 

der Mehrzahl der mehreren verzweigenden Ausla- 
Belemente (34, 36, 38) sich von einer Verbindung 
am zweiten Ende der Verzweigungskammer (32) 
langs eines Weges aus dem imaginaren Zylinder 20 
erstreckt. 

16. Verfahren nach Anspruch 15, bei dem die Unter- 
schritte des Ausfahrens einer Mehrzahl der mehre- 
ren verzweigenden AuslaBelemente (34, 36, 38) mit 25 
dem Formungswerkzeug (200) gleichzeitig ausge- 
fuhrt werden. 

17. Verfahren nach Anspruch 13, bei dem der Ausfahr- 
schritt mehrere Unterausfahrschritte umfaBt, wobei 30 
der erste Unterausfahrschritt bei der Verbindung 
des wenigstens einen der mehreren verzweigen- 
den AuslaBelemente (34, 36, 38) mit der Verzwei- 
gungskammer (32) beginnt und mehrere weitere 
Unterausfahrschritte in entsprechend groBeren Ab- 35 
standen von der Verbindung des wenigstens einen 

der mehreren verzweigenden AuslaBelemente (34, 
36, 38) mit der Verzweigungskammer (32) ausge- 
fuhrt werden. 

40 

18. Mehrfach verzweigende Unterbaueinheit (30) mit 
einer Vorrichtung (100, 200) zum Ausfahren und 
Bilden eines Auslasses (34, 36, 38) der mehrfach 
verzweigenden Unterbaueinheit (30) in einem ver- 
schalten Bohrloch, wobei die Unterbaueinheit (30) 45 
eine Verzweigungskammer (32) mit einem ersten 
Ende, einem zweiten Ende und mehreren verzwei- 
genden AuslaBelementen (34, 36, 38) enthalt, wo- 
von jedes mit dem zweiten Ende der Verzweigungs- 
kammer (32) verbunden ist, wobei sich die verzwei- 50 
genden AuslaBelemente (34, 36, 38) in einem ein- 
gefahrenen Zustand befinden, in dem sich jedes 

der AuslaBelemente (34, 36, 38) im wesentlichen 
vollstandig innerhalb eines imaginaren Zylinders 
befindet, der zum ersten Ende der Verzweigungs- 55 
kammer (32) koaxial ist und im wesentlichen den 
gleichen Radius wie dieses besitzt, wobei die Vor- 
richtung (100, 200) umfaBt: 



eine Antriebs- und Steuereinheit (100) im obe- 
ren Teil des Bohrlochs; 

eine Funktionseinheit (200) im unteren Teil des 
Bohrlochs; und 

eine elektrische Drahtleitung (110), die zwi- 
schen der Antriebs- und Steuereinheit (100) im 
oberen Teil des Bohrlochs und der Funktions- 
einheit (200) im unteren Teil des Bohrlochs an- 
geschlossen ist, urn einen Weg fur elektrische 
Leistung und elektrische Kommunikationssi- 
gnale zwischen ihnen zu schaffen; 

wobei die Funktionseinheit (200) im unteren 
Teil des Bohrlochs einen Formungsmechanismus 
(122, 124, 126) enthalt, der so beschaffen und ent- 
worfen ist, daB er in ein eingefahrenes verzweigen- 
des AuslaBelement (34, 36, 38) der Unterbauein- 
heit (30) eingefiihrt werden kann, urn wenigstens 
eines der mehreren AuslaBelemente (34, 36, 38) 
auszufahren, so daB es sich langs eines Weges von 
der Verzweigungskammer (32) aus dem imagina- 
ren Zylinder erstreckt. 

19. Unterbaueinheit (30) und Vorrichtung (100, 200) 
nach Anspruch 18, wobei die Funktionseinheit 
(200) im unteren Teil des Bohrlochs umfaBt: 

Mittel (210) zum Verriegeln der Funktionsein- 
heit (200) im unteren Teil des Bohrlochs an ei- 
ner vorgegebenen axialen Position innerhalb 
der mehrfach verzweigenden Unterbaueinheit 
(30); und 

Mittel (212) zum radialen Orientieren des For- 
mungsmechanismus (122, 124, 126) in der 
Weise, daB der Formungsmechanismus (122, 
1 24, 126) auf ein ausgewahltes verzweigendes 
AuslaBelement (34, 36, 38) der Unterbauein- 
heit (30) ausgerichtet ist. 

20. Unterbaueinheit (30) und Vorrichtung (100, 200) 
nach Anspruch 19, wobei die Funktionseinheit 
(200) im unteren Teil des Bohrlochs femer umfaBt: 

eine Hydraulikpumpe (206) fur die Druckbeauf- 
schlagung von Hydraulikfluid; und 
einen Kopf (213), der Hydraulikfluidleitungen 
besitzt, die mit der Hydraulikpumpe (206) ver- 
bunden sind; und 

wobei 

der Formungsmechanismus (122, 124, 126) 
ein hydraulisch betatigtes Formungskissen (123, 
125, 127) und ein Verbindungsglied (152) zwischen 
dem Formungskissen (123, 125, 127) und dem 
Kopf (213) enthalt, urn dem Formungskissen (123, 
125, 127) mit Druck beaufschlagtes Hydraulikfluid 
zuzufuhren. 
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21. Unterbaueinheit (30) und Vorrichtung (100, 200) 
nach Anspruch 20, wobei der Formungsmechanis- 
mus (1 22, 1 24, 1 26) einen Kolben (151) enthalt, der 
das Formungskissen (123, 125, 127) nach auBen 
gegen das AuslaBelement (34, 36, 38) zwingt. 

22. Unterbaueinheit (30) und Vorrichtung (100, 200) 
nach Anspruch 20, wobei das Formungskissen 
(1520) eine geneigte innere Oberflache besitzt und 
der Formungsmechanismus (1500) Roilen (1522) 
enthalt, die mit dem Verbindungsglied (1526) ge- 
koppeltsind, urn mit dergeneigten inneren Oberfla- 
che zusammenzuwirken, urn das Formungskissen 
(1520) nach auBen gegen das AuslaBelement 
(1560, 1562) zu zwingen. 

23. Unterbaueinheit (30) und Vorrichtung (100, 200) 
nach Anspruch 22, die femer einen ausfahrenden 
Aktuator enthalten, der einen Zylinderkorper 
(1516), der mit dem Formungskissen (1520) mittels 
eines Schwenkgliedes (1524) verbunden ist, sowie 
einen mit den Rollen (1522) mittels einer Stange 
(1526) gekoppelten Kolben (1518) besitzt. 

24. Unterbaueinheit (30) und Vorrichtung (100, 200) 
nach Anspruch 23, die femer einen Bewegungsak- 
tuator (1510) enthalten, der einen Kolben (1512) 
enthalt, der strukturell und hydraulisch mit dem Zy- 
linderkorper (1516) des ausfahrenden Aktuators 
verbunden ist. 

25. Verfahren zum Formen eines Abzweigbohrlochs 
(801) von einem Hauptbohrloch, das umfaBt: 

Bewegen einer Verzweigungsunterbaueinheit 
(30) mit einer Verzweigungskammer (32) und 
mehreren verzweigenden Auslassen (34, 36, 
38) zusammen mit einer Hauptverschalung 
(604) durch ein Hauptbohrloch zu einer Ver- 
zweigungsstelle; 

Orientieren der Verzweigungsunterbaueinheit 
(30), bis ihre mehreren verzweigenden Auslas- 
se (34, 36, 38) in einer vorgegebenen Orientie- 
rung angeordnet sind; und 
Ausfahren und Formen wenigstens eines der 
mehreren verzweigenden Auslasse (34, 36, 
38), bis er langs eines Weges uber den Durch- 
messer der Verzweigungskammer (32) hinaus 
ausgefahren ist und eine im wesentlichen run- 
de Form annimmt. 

26. Verfahren nach Anspruch 25, bei dem der Ausfahr- 
und Formungsschritt an einer Mehrzahl von meh- 
reren verzweigenden Auslassen (34, 36, 38) aus- 
gefuhrt wird, bis jeder der Mehrzahl der mehreren 
verzweigenden Auslasse (34, 36, 38) langs eines 
Weges uber den Durchmesser der Verzweigungs- 
kammer (32) hinaus ausgefahren ist. 



27. Verfahren nach Anspruch 26, das ferner die folgen- 
den Schritte umfaBt: 

Verstopf en jedes der mehreren verzweigenden 

5 Auslasse (34, 36, 38); 

Formen eines Abzweigbohrlochs (801) durch 
einen ausgewahlten (36) der mehreren ver- 
zweigenden Auslasse (34, 36, 38); 
Installieren einer im wesentlichen runden Ver- 

™ kleidung (805) in dem Abzweigbohrloch (801); 

und 

Abdichten eines Endes der im wesentlichen 
runden Verkleidung (805) mit dem im wesentli- 
chen runden Ende des ausgewahlten (36) der 
15 mehreren verzweigenden Auslasse (34, 36, 

38). 

28. Verfahren nach Anspruch 27, bei dem die Abdich- 
tung des Endes der Verkleidung (805) in bezug auf 

20 einen ausgewahlten (36) der mehreren verzwei- 
genden Auslasse (34, 36, 38) mittels eines hangen- 
den Dichtungsstucks (806) erfolgt. 

29. Verfahren nach Anspruch 27, das ferner die folgen- 
25 den Schritte umfaBt: 

Formen eines Abzweigbohrlochs (801, 808) 
durch eine Mehrzahl von mehreren verzwei- 
genden Auslassen (36, 38); 
30 Installieren einer im wesentlichen runden Ver- 

kleidung (805, 810) in jedem der Mehrzahl der 
mehreren verzweigenden Auslasse (36, 38); 
und 

Abdichten eines Endes jeder der im wesentli- 
35 chen runden Verkleidungen (805, 810) mit ei- 

nem entsprechenden Ende eines der Mehrzahl 
der mehreren Verzweigungsauslasse (36, 38). 

30. Verfahren nach Anspruch 29, das ferner diefolgen- 
40 den Schritte umfaBt: 

Installieren eines Bohrlochkrummers (612) in 
der Verzweigungskammer (32); 
Fertigstellen jedes Abzweigbohrlochs (801, 
45 808); und 

Steuern der Produktion jedes Abzweigbohr- 
lochs (801 , 808) zum Hauptbohrloch mit dem 
K rummer (612). 

50 31 . Verfahren nach Anspruch 27, das ferner den Schritt 
des Verzogems des Formens eines Abzweigbohr- 
lochs (808) durch wenigstens einen der mehreren 
verzweigenden Auslasse umfaBt, urn dadurch ei- 
nen verzweigenden AuslaB fur eine kunftige Bohr- 

55 lochentwicklung zu reservleren. 

32. Verfahren nach Anspruch 29, das ferner die folgen- 
den Schritte umfaBt: 
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Einleiten eines erwarmten Fluids in wenigstens 
eines der Abzweigbohrlocher (801, 802), urn 
die Reservoir-Stromung zu steigern; und 
Erzeugen von Kohlenwasserstofffluid von ei- 
nem weiteren der mehreren Abzweigbohrlo- s 
cher (801 , 808) von einem Reservoir, in das er- 
warmtes Fluid eingeleitet worden ist. 



Revendications 10 



au moins un desdits Elements de sortie de ra- 
mification multiple (34, 36, 38) dans ladite po- 
sition retractee est caracterise par une forme 
en section transversale radiale non circulaire; 
et 

au moins un desdits elements de sortie de ra- 
mification multiple (34, 36, 38) dans ladite po- 
sition elargie est caracterise par une forme en 
section transversale radiale sensiblement cir- 
culaire. 



1 . Appareil pour le tubage d'un sondage, cet appareil 
comprenant 

une colonne de tubage de puits (604) ; et 
une reduction de ramification multiple (30) sur le co- 15 
te le plus bas de ladite colonne de tubage de puits 
(604), caracterisee en ce que ladite reduction de 
ramification multiple (30) comporte 
une chambre de ramification (32) ayant une premie- 
re extremite ouverte de forme cylindrique et une se- 20 
conde extremite, ladite chambre de ramification 
(32) etant en connexion etanche k ladite premiere 
extremite avec ledit tubage de puits (604) ; et 
des elements de sortie de ramification multiple (34, 
36, 38) dont chacun est integralement relie k ladite 25 
seconde extremite de ladite chambre de ramifica- 
tion (32), chacune desdits elements de sortie de ra- 
mification multiple (34, 36, 38) etant en communi- 
cation fluide avec ladite chambre de ramification 
(32), ladite reduction (30) etant caracterisee par : 30 

une position retractee pour insertion dans ledit 
sondage dans lequel chacun desdits elements 
de sortie de ramification multiple (34, 36, 38) 
est essentiellement totalement dans un cylin- 35 
dre imaginaire qui est coaxial k et 
sensiblement de meme rayon que ladite pre- 
miere extr6mite de ladite chambre de ramifica- 
tion (32) ; et 

une position elargie ou au moins un desdits ele- 40 
ments de sortie de ramification multiple (34, 36, 
38) part de ladite chambre de ramification (32) 
suivant une trajectoire exterieure dudit cylindre 
imaginaire. 

45 

2. Appareil selon la revendication 1 , caracterise en 
ce que 

lesdits elements de sortie de ramification multiple 
(34, 36, 38) sont concus et disposes de telle sorte 
qu'k ladite position elargie, chacun desdits £16- so 
ments de sortie multiple (34, 36, 38) part suivant 
une trajectoire en arc k partir de ladite chambre de 
ramification (32) vers Texterieur dudit cylindre ima- 
ginaire. 

55 

3. Appareil selon la revendication 1 ou revendication 
2, caracterise en ce que: 



4. Appareil selon la revendication 1 ou revendication 
2 caracterise en ce que: 

chacun desdits elements de sortie de ramifica- 
tion multiple (34, 36, 38) dans ladite position re- 
tractee est caracterise par une forme en sec- 
tion transversale radiale non circulaire ; et 
au moins un desdits elements de sortie de ra- 
mification multiple (34, 36, 38) dans ladite po- 
sition elargie est caracterise par une forme en 
section transversale radiale sensiblement cir- 
culaire. 

5. Appareil selon Tune quelconque des precedentes 
revendications, caracterise en ce que: 

lesdits elements de sortie de ramification mul- 
tiple (34, 36, 38) sont faits d'une matiere qui 
peut etre deformee plastiquement parformage 
k froid. 

6. Appareil selon la revendication 5 caracterise en ce 
que ladite matiere est un acier allie a structure aus- 
tenitique. 

7. Appareil selon la revendication 6 caracterise en ce 
que ladite matiere est un alliage de nickel. 

8. Appareil selon Pune quelconque des precedentes 
revendications, caracterise en ce que chacun des- 
dits elements de sortie de ramification multiple (34, 
36, 38) est sensiblement de meme surface en sec- 
tion transversale radiale. 

9. Appareil selon Tune quelconque des precedentes 
revendications, caracterise en ce que : 

au moins un desdits elements de sortie de ra- 
mification multiple (34, 36, 38) est caracterise 
par une surface en section transversale radiale 
qui est superieure a au moins un autre desdits 
elements de sortie de ramification multiple (34, 
36, 38). 

10. Appareil selon I'une quelconque des precedentes 
revendications, caracterise en ce que lesdits ele- 
ments de sortie k ramification multiple comprennent 
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cinq sorties (541 , 542, 543, 544, 545), ou une des- 
dites sorties (545) est caracterisee par une surface 
en section transversale radiale qui est inferieure a 
quatre (541, 542, 543, 544) desdits elements de 
sortie de ramification multiple. 

11. Appareil selon Tune quelconque des prededentes 
revendications, comprenant de plus : 

un element tige (1 70) porte sensiblement axia- 
lement vers le bas a partir de ladite seconde 
extremite de ladite chambre de ramification 
(32) ; et 

un pied (172) dispose a une extremite distale 
de ladite tige (170). 

12. Appareil selon I'une quelconque des revendications 
1 a 1 0 caracterise en ce que : 

une zone de support centrale (150) est definie 
a ladite seconde extremite de ladite chambre 
de ramification (32) entre les connexions soli- 
daires desdits elements de sortie de ramifica- 
tion multiple (34, 36, 38) a ladite seconde ex- 
tremite, et comprenant de plus ; 
une tige d'extension (170) portee par ladite zo- 
ne de support centrale (150) qui est disposee 
axialement au dela desdits elements de sortie 
a ramification multiple (34, 36, 38) ; et 
un pied (172) dispose a une extremite distale 
de ladite tige (170). 

13. Procede d'installation d'une reduction de ramifica- 
tion multiple (30) dans un sondage ou ladite reduc- 
tion (30) comporte une chambre de ramification 
(32) ayant une premiere extremite cylindrique et 
une seconde extremite, et des elements de sortie 
de ramification multiple (34, 36, 38) dontchacun est 
relie a ladite seconde extremite de ladite chambre 
de ramification (32) et qui sont disposes en position 
retractee ou chacun desdits elements de sortie de 
ramification multiple (34, 36, 38) est pratiquement 
totalement dans un cylindre imaginaire qui est 
coaxial a, et sensiblement de meme rayon que, la- 
dite premiere extremite cylindrique de ladite cham- 
bre de ramification (32), le procede comprenant les 
etapes de : 

connexion de ladite premiere extremite de ladi- 
te chambre de ramification (32) de ladite reduc- 
tion (30) a une extremite inferieure d'une colon- 
ne de tubage (604) ; 

le passage de ladite colonne de tubage (604) 
et de ladite reduction (30) dans un sondage a 
une position de noeud ou un sondage de rami- 
fication (801) doit etre prevu ; 
le passage d'un outil de mise en forme (200) 
dans ladite colonne de tubage (604) dans ladite 



chambre de ramification (32) de ladite reduc- 
tion (30); 

I'orientation dudit outil de mise en forme (200) 
dans ladite reduction (30) afin d'introduire ledit 
outil de mise en forme (200) dans au moins un 
desdits elements de sortie de ramification mul- 
tiple (34, 36, 38) a ladite seconde extremite de 
ladite chambre de ramification (32) ; et 
Pexpansion d'au moins un desdits elements de 
sortie de ramification multiple (34, 36, 38) avec 
ledit outil de mise en forme (200) jusqu'a ce 
qu'au moins un desdits elements de sortie de 
ramification multiple parte d'une connexion a 
ladite seconde extremite de ladite chambre de 
ramification (32) suivant une trajectoire vers 
I'exterieur dudit cylindre imaginaire. 

14. Dans le proc§de selon la revendication 13 ou au 
moins un desdits elements de sortie de ramification 
multiple (34, 36, 38) en position dite retractee est 
caracterise par une forme en section transversale 
radiale non circulaire, ladite etape d'expansion 
comportant la sous-etape de : 

expansion d'au moins un desdits elements de 
sortie de ramification multiple (34, 36, 38) avec 
ledit outil de mise en forme (200) jusqu'a ce 
qu'au moins un desdits elements de sortie de 
ramification multiple soit caracterise par une 
forme en section transversale radiale sensible- 
ment circulaire. 

15. Proc§de selon la revendication 14, caracterise en 
ce que I'etape d'expansion comprend les autres 
sous-etapes d'expansion des divers elements de 
sortie de ramification multiple (34, 36, 38) avec ledit 
outil de mise en forme (200) jusqu'a ce que chacun 
desdits divers elements de sortie de ramification 
multiple (34, 36, 38) soit caracterise par une forme 
en section transversale radiale sensiblement circu- 
laire et chacun des divers elements de sortie de ra- 
mification multiple (34, 36, 38) parte d'une con- 
nexion a ladite seconde extremite de ladite cham- 
bre de ramification (32) suivant une trajectoire vers 
I'exterieur dudit cylindre imaginaire. 

16. Procede selon la revendication 15, caracterise en 
ce que lesdites sous-etapes d'expansion de plu- 
sieurs elements de sortie de ramification multiple 
(34, 36, 38) avec ledit outil de mise en forme (200) 
sont realisees simultanement 

17. Procede selon la revendication 13, caracterise en 
ce que ladite elape d'expansion comporte plusieurs 
etapes de sous-expansion, la premiere etape de 
sous-expansion commencant a la connexion d'au 
moins un desdits elements de sortie de ramification 
multiple (34, 36, 38) a ladite chambre de ramifica- 
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tion (32) et avec des etapes complementaires de 
sous-expansion multiples realisees k des distances 
relativement plus importantes de ladite connexion 
Sau moins un desdits elements de sortie de rami- 
fication multiple (34, 36, 38) k ladite chambre de ra- 
mification (32), 

18. Reduction de ramification multiple (30) avec un ap- 
pareil (100, 200) pour elargir et former une sortie 
(34, 36, 38) de ladite reduction de ramification mul- 
tiple (30) dans un sondage tubee, oCj ladite reduc- 
tion (30) comprend une chambre de ramification 
(32) ayant une premiere extremite, une seconde ex- 
tremity et des elements de sortie de ramification 
multiple (34, 36, 38) dont chacun est reli<§ k ladite 
seconde extremite de ladite chambre de ramifica- 
tion (32), lesdits elements de sortie de ramification 
(34, 36, 38) etant k I'etat retracte ou chacun desdits 
elements de sortie (34, 36, 38) est pratiquement to- 
talement dans un cylindre imaginaire qui est coaxial 
a et a sensiblement le meme rayon que ladite pre- 
miere extremite de ladite chambre de ramification 
(32), ledit appareil (100, 200) comprenant : 
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ment de sortie de ramification selectionne (34, 
36, 38) de ladite reduction (30). 

20. Reduction (30) et appareil (100, 200) selon la re- 
vendication 19, caracterises en ce que ledit grou- 
pe Sexploitation d'orifice inferieur (200) comprend 
deplus: 

une pompe hydraulique (206) pour mettre sous 
pression ie fluide hydraulique ; et 
une tete (21 3) ayant des canalisations de fluide 
hydraulique reliees k ladite pompe hydraulique 
(206) ;et 

caracterlses en ce que 

ledit mecanisme de mise en forme (122, 124, 126) 
comporte un patin de mise en forme a commande 
hydraulique (123, 125, 127) et une liaison (152) en- 
tre ledit patin de mise en forme (123, 125, 127) et 
ladite tete (213) pour foumir du fluide hydraulique 
sous pression audit patin de mise en forme (123 
125,127). 



un groupe d'alimentation et de commande 
d'orifice superieur (100) ; 
un groupe Sexploitation d'orifice inferieur 
(200) ; et 

un cable de forage electrique (110) relie entre 
ledit groupe d'alimentation et de contrdle d'ori- 
fice superieur (100) et ledit groupe Sexploita- 
tion d'orifice inferieur (200) pour assurer une 
trajectoire pour les signaux de communication 
electrique et d'alimentation electrique entre 
eux ; 

ledit groupe Sexploitation d'orifice inferieur 
(200) comprenant un mecanisme de mise en 
forme (122, 124, 126) dispose et concu pour 
insertion dans un element de sortie de ramifi- 
cation retracte (34, 36, 38) de ladite reduction 
(30) pour elargir au moins un desdits elements 
de sortie multiple (34, 36, 38) de telle sorte qu'il 
soit dispose dans une trajectoire partant de la- 
dite chambre de ramification (32) vers I'exte- 
rieur dudit cylindre imaginaire. 

19. Reduction (30) et appareil (100, 200) selon la re- 
vendication 1 8, caracterises en ce que ledit grou- 
pe Sexploitation d'orifice inferieur (200) comprend: 

un moyen (210) pour le verrouillage dudit grou- 
pe Sexploitation d'orifice inferieur (200) a une 
position axiale predetermined dans ladite re- 
duction de ramification multiple (30) ; et 
un moyen (212) pour orienter radialement ledit 
mecanisme de mise en forme (122, 124, 126) 
de telle sorte que ledit mecanisme de mise en 
forme (122, 124, 126) soit aligns avec un ele- 



21. Reduction (30) et appareil (100, 200) selon la re- 
25 vendication 20, caracterises en ce que ledit me- 
canisme de mise en forme (122, 124, 126) com- 
prend un piston (151) pour forcer ledit patin de mise 
en forme (123, 125, 127) vers I'exterieurcontre ledit 
element de sortie (34, 36, 38). 

30 

22. Reduction (30) et appareil (100, 200) selon la re- 
vendication 20, caracterises en ce que ledit patin 
de mise en forme (1520) comprend une surface in- 
terieure inclinee et ledit mecanisme de mise en for- 

35 me (1500) comprend des galets (1522) accouples 
k ladite liaison (1 526) pour cooperer avec ladite sur- 
face interieure inclinee pour forcer ledit patin de mi- 
se en forme (1520) vers I'exterieur contre ledit ele- 
ment de sortie (1560, 1562) 

40 

23. Reduction (30) et appareil (100, 200) selon la re- 
vendication 22, comprenant de plus un dispositif de 
commande d'expansion ayant un corps de cylindre 
(1516) accouple audit patin de mise en forme 

45 (1520) au moyen Sune liaison par pivotement 
(1524) et ayant un piston (1518) accouple auxdits 
galets (1522) au moyen Sune tige (1526). 

24. Reduction (30) et appareil (100, 200) selon la re- 
50 vendication 23, comprenant de plus un dispositif de 

commande de deplacement (1510) comprenant un 
piston (1512) qui est relie structurellement et hy- 
drauliquement audit corps de verin (1516) dudit dis- 
positif de commande d'expansion 

55 

25. Precede de mise en forme de puits de ramification 
(801) k partir Sun puits de base comprenant ; 
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le passage d'une reduction de ramification (30) 
ayant une chambre de ramification (32) et des 
sorties de ramification multiple (34, 36, 38) 
avec un tubage de base (604) par un puits de 
base vers un emplacement de ramification ; 
I'orientation de ladite reduction de ramification 
(30) jusqu'a ce que ses sorties de ramification 
multiple (34, 36, 38) soient disposes avec une 
orientation predeterminee ; et 
I'expansion et la mise en forme d'au moins une 
desdites sorties de ramification multiple (34, 
36, 38) jusqu'a ce qu'elle suive une trajectoire 
au dela du diametre de ladite chambre de ra- 
mification (32) et ait une forme sensiblement 
ronde. 

26. Procede selon la revendication 25, caracterise en 
ce que ladite etape d'expansion et mise en forme 
est realisee sur plusieurs sorties de ramification 
multiple (34, 36, 38) jusqu'a ce que chacune des 
diverses sorties de ramification multiple (34, 36, 38) 
suive une trajectoire au-dela dudit diametre de la- 
dite chambre de ramification (32). 

27. Procede selon la revendication 26 comprenant de 
plus les etapes de : 

obturation de chacune desdites sorties de ra- 
mification multiple (34, 36, 38); 
formation d'un sondage de ramification (801) 
par une sortie selectionnee (36) desdites sor- 
ties de ramification multiple (34, 36, 38) ; 
installation d'une chemise sensiblement ronde 
(805) sur ledit sondage de ramification (801) ; 
et 

etancheite d'une extremite de ladite chemise 
sensiblement ronde (805) a une dite extremite 
sensiblement ronde d'une (36) desdites sorties 
de ramification multiple (34, 36, 38). 

28. Procede selon ia revendication 27, caracterise en 
ce que ladite etancheite de ladite extremite de la- 
dite chemise (805) par rapport a ladite sortie selec- 
tionnee (36) desdites sorties de ramification multi- 
ple (34, 36, 38) est effectuee au moyen d'une gar- 
niture de suspension de chemise (806). 

29. Procede selon la revendication 27 comprenant de 
plus les etapes de: 

formation d'un sondage de ramification (801, 
808) par plusieurs desdites sorties de ramifica- 
tion multiple (36, 38) ; 

installation d'une chemise sensiblement ronde 
(805), 81 0) sur chacune des diverses sorties de 
ramification multiple (36, 38) ; et 
etancheite d'une extremite de chacune desdi- 
tes chemises sensiblement rondes (805, 810) 



par rapport a une extremite correspondante 
d'une des diverses sorties de ramification mul- 
tiple (36, 38). 

s 30. Procede selon la revendication 29, comprenant de 
plus les etapes de : 

installation d'un collecteur d'orifice inferieur 
(612) dans ladite chambre de ramification (32) ; 
10 execution de chaque sondage de ramification 

(801 , 808) ; et 

controle de la production de chaque sondage 
de ramification (801, 808) au puits de base 
avec ledit collecteur (612). 

15 

31. Procede selon la revendication 27 comprenant de 
plus I'etape du report de formation d'un sondage de 
ramification (808) par au moins une desdites sorties 
de ramification multiple et done reservation d'une 

20 sortie de ramification pour le developpement futur 
de puits. 

32. Procede selon la revendication 29 comprenant de 
plus les etapes de : 



injection d'un fluide chauffe dans au moins un 
desdits sondages de ramification (801, 808) 
pour ameliorer le debit du reservoir ; et 
production de fluide hydrocarbure a partir d'un 
30 autre desdits sondages de ramification multiple 

(801 , 808) a partir d'un reservoir dans lequel le 
fluide chauffe a ete injecte. 
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